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Removable dentureAbstract Introduction: Major connectors are used with removable partial dentures to connect all
other parts to the denture. The use of titanium to fabricate removable partial dentures has recently
increased. Objective: This study aimed to assess the effect of the titanium alloy and chrome cobalt to
fabricate connectors of removable partial dentures on tooth mobility, bone loss and tissue reaction.
Materials and methods: A non-randomized clinical-controlled trial was conducted at the Dental
Clinic, Faculty of Dentistry at Al-Azhar University-Assiut Branch, from January 2013 to January
2015. Eighty patients were classified into two groups, which were provided with removable partial
dentures comprising titanium alloy and chrome cobalt connectors respectively. Patients’ demo-
graphic and clinical data (tooth mobility, bone loss and tissue reaction) were evaluated via the ques-
tionnaires, and clinical observations by qualified medical dentists with panoramic X-rays. Both
groups were examined at 6, 12, 18 and 24 months. Results: Tooth mobility, in all directions, ranged
between 0 mm at enrollment and 0.10 mm in the titanium alloy group and ranged from 0 mm to
0.20 mm in the chrome cobalt group. The difference in tooth mobility between the two groups at
the end of the study was statistically significant (p= 0.04). The bone loss ranged from 0 mm at
enrollment and 0.05 mm in the titanium alloy group and ranged from 0.04 mm to 0.15 mm in
the chrome cobalt group. The difference in bone loss between the two groups was statistically sig-
nificant (p= 0.01). The tissue reaction in the titanium alloy group ranged from 0 to 0.02, and it
ranged from 0 to 0.16 in the chrome cobalt group. The difference in tissue reaction was statistically
significant (p= 0.02). Conclusion: Clinical observations suggest that titanium alloy is more suited
than chrome cobalt for fabricating the major connectors in removable partial dentures.
 2016 The Author. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is
an open access article under the CCBY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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The use of removable partial dentures (RPDs) may lead to
qualitative and quantitative changes in plaque as well as an
increased level of gingival inflammation observed in regions
covered by the RPDs and in gingivae apical to clasp arms.
Clinical trials have shown that through the use of RPDs
(inflexible major connectors, simple scheme, and appropriate
base adaptation), periodontal health of the residual dentition
could be attained.1
The new design of flexible partial dentures and the accom-
panying clasps allow for a good treatment approach to known
problems such as retention, stability and strength. The appro-
priate use of this design can provide strong evidence upon
which the clinical strengths of the elastic partial denture can
be settled.1,2 Findings from the study conducted by Mumcu3
indicate that RPDs are strongly associated with tooth instabil-
ity especially among the elderly.3 However, those same investi-
gators followed a similar population for 6 years and reported
that the effects of fixed or removable partial dentures on the
periodontium were similar and inconsequential. Thus, it is evi-
dent that both immediate and long-term effects of a prosthetic
appliance on hard and soft tissues, along with potential
changes in the oral environment by the dentures, must be fur-
ther investigated.4
Dubravka5 et al. studied alveolar bone loss on abutment
and non-abutment teeth in relation to use of RPDs; they
reported that the reduction in bone support on both abutment
and non-abutment teeth was related to a higher plaque index
and poor oral hygiene. However, they cannot attribute the
influence of construction elements of the RPDs to plaque
accumulation.5
Chandler6, in his clinical assessment of patients over 8–
9 years after assignment of removable partial dentures,
reported that there were improved levels of gingival inflamma-
tion detected in regions covered by the removable partial den-
tures and in gingivae that were apical to clasp arms.6
Ebadian7 compared various denture base materials and
found that the chrome cobalt (Co–Cr) group was more
toxic than the other groups; inflammation increased over
time.7
Bone loss with RPDs was only stated by Isidor and Budtz-
Jo¨rgensen8 who reported that long-term (5-year) periodontal
alterations in both groups lead to moderate to advanced bone
loss. The first group was cured with distally extended, fixed
cantilevered partial dentures, and the other was cured with
RPDs. Both groups revealed no periodontitis progress, and
all clinical indices were stable over the period of observation.8
In a study of the effects on tooth mobility of the three types
of RPD clasping systems, the study showed that altered cast,
proper design and proper occlusion are important factors
influencing tooth mobility.9
The major connector is the unit comprising the partial den-
ture that is connected to all other parts directly or indirectly. It
provides stability against displacement by functional stresses
and distributes functional loads uniformly across the teeth.10
Major connectors must have a smooth surface that is devoid
of any sharp margins that could damage the mouth. More
specifically, the upper margin of the connectors should be
turned toward the gingival tissue, with its greatest bulk at
the lower margin.11Titanium alloys (Ta) are not the only metal that is appro-
priate for implants; however, Ta is appropriate for dental
products such as crowns and dentures. The development of
investment materials that are appropriate for Ta with a high
freezing point is desired in dental precision castings. Bioactive
surface modifications of Ta for medical applications are vital
for achieving additional biocompatibility.12 Cast titanium
and Ta might supply some potential benefits within the fabri-
cation of clasp and metal RPD frameworks compared to (Co–
Cr) alloys.13 Specifically, the flexibility of Ta might better per-
mit the placement of cast clasps in deeper undercuts than for
(Co–Cr) alloy. It has been shown that the retaining forces of
titanium clasps maintained decent retention after recurrent
arching of the clasp arm throughout the insertion and removal
of the prosthesis.13 Dimensional changes of cast titanium
frameworks were in the range that is considered to be accept-
able for RPD frameworks.13 Titanium is also brighter than
(Co–Cr) and gold alloys. This could be a potential benefit
for the tenure of maxillary partial dentures. Titanium might
be the best substitute for patients with allergies to other types
of metals.14
The effects of dental cast alloys on oral tissues, including
dental and periodontal health, take place by different tech-
niques, e.g., bacterial adherence upgrade, toxic and subtoxic
impacts and allergies. Other techniques may lead to clinically
contrary local responses because of metal availability. How-
ever, the numbers of cases that can be carefully recognized
are small. The relatively high allergy rate toward nickel has
to be the stimulus to exchange those alloys whenever there is
an appropriate substitute.15
Presently, little is known about the utilization of titanium
for fabrication of RPDs, as it has been stated only in limited
studies. While noting the aforementioned facts, this controlled
clinical study aimed to investigate the effect of Ta or (Co–Cr)
to fabricate the connectors of removable partial dentures on
tooth mobility, bone loss and tissue reaction.
2. Materials and methods
A non-randomized clinical-controlled trial was conducted.
Eighty healthy participants were enrolled in the study that
was conducted at the Dental Clinic, Faculty of Dentistry at
Al-Azhar University-Assiut Branch in Egypt during a two-
year period, from January 2013 to January 2015. The patients
enrolled in this study were male, aged 55 years or older, were
partially edentulous and were free from disabilities or chronic
conditions such as diabetes. Thus, diabetic patients, those that
are fully edentulous or those who neglected oral hygiene were
excluded from this study. The patients enrolled in the study
were separated into two equal groups (forty patients in each
group) and received Ta and (Co–Cr), respectively. Both groups
were examined at 6, 12, 18 and 24 months post intervention.
This study was approved by the Dental Health Department
of the Faculty of Applied Medical Sciences, Albaha Univer-
sity, and all participants signed consent forms prior to the
study. The right of the participants to withdraw at any time
was explained and preserved during the study.
The first group received connectors constructed from Ta,
and the second group received connectors constructed from
(Co–Cr). Ta (Ti-6Al-4V alloy disks; Sumitomo Steel, Osaka,
Japan, 120 mm in diameter and 0.75 mm in thickness) and
114 K.A.O. Arafa(Co–Cr) (Co-63% Cr-30% Mo-7%) American Element, Los
Angeles, CA 90024) were used in this study. After construction
of the partial denture, the patients wore the dentures. During
mastication, the forces were transmitted from the dentures to
the tooth structure and the residual ridge.
Patients’ demographic and clinical data were evaluated via
the information provided in patient-completed questionnaires,
as well as through clinical observations by qualified dentists
and a panoramic X-ray that was performed at enrollment
and at each follow-up visit. Initially, all participants were given
dental prophylaxis, which included removal of subgingival bio-
film. Three parameters were used in this study:
Tooth mobility was assessed by pressing it gently with the
handle end of two dental instruments (probe or mirror).Mobility was tested for the right and left abutment teeth. Mea-
surement of tooth mobility was conducted according to the
Miller16 index; millimeters (mm) were used as the unit of mea-
surement. According to Miller16, tooth mobility can be classi-
fied into three classes: class I for tooth mobility less than 1 mm
in the buccolingual or mesiodistal direction, class II for tooth
mobility of 1 mm or more and class III for tooth mobility of
1 mm or more in the buccolingual or mesiodistal direction
and mobility in the occlusoapical direction is also present.16
The bone loss measurement was taken by measuring the
tooth height subjectively in millimeters (mm) for each tooth,
and then the mean was recorded at different follow up visits.
Serial panoramic X-rays were taken to examine and measure
bone loss. Bone height loss was evaluated by mesial and distal
marginal bone from the serial panoramic X-ray: (1) two points
were marked, one at the apex of the abutment tooth and
another at the cusp tip of the crown of the tooth, (2) a line
(A) was drawn connecting the two points and was consideredto be the reference landmark for standardization of the mea-
surement, (3) the tangent (B) to the cusp tip of the teeth was
drawn on each radiograph perpendicular to line (A), thus
assuring standardized geometric positioning of the tangent,
and (4) marginal bone height was measured by a dial caliper
from the mesial and distal alveolar crest to line (B).
The dental tissue reaction was assessed by the Benson and
Spolky17 index. The tissues under all regions that were covered
by the removable distal extension denture base were examined
and rated according to their condition as follows: (0) good:
absence of inflammation, (1) fair: if there was moderate inflam-
mation, and (2) poor: if there was generalized inflammation.17
3. The ﬂow chart below explains the study processBoth groups completed a questionnaire comprised of items
pertaining to demographic characteristics, and the researcher
conducted an observation checklist of tooth mobility, bone
loss and tissue reaction. The collected data were then analyzed
by a computerized method (Statistical Package for Social
Sciences) (SPSS version 20). A chi-square test was used to test
differences in the demographic characteristics of the two
groups. An independent t-test was employed to identify differ-
ences between the two groups. All values were tabulated as
averages (mean) with standard deviations (SD); p values less
than 0.05 were considered to be statistically significant.
4. Results
The participants in this study attended the follow up visits for
two years at the Dental Clinic, Faculty of Dentistry at Al-
Azhar University-Assiut Branch in Egypt. All patients were
Table 1 Characteristics of group 1 and group 2 patients who took part in the study.
Variable Group 1
(Ta)
n (%)
Group 2
((Co–Cr))
n (%)
p value
Education level Illiterate 28 (70%) 24 (60%) 0.12
Primary 12 (30%) 16 (40%)
Age (mean ± SD) 60 ± 2 years 58 ± 3 years 0.65
Table 2 Comparison of the means and standard deviations of tooth mobility, bone loss and tissue reaction between group 1 (Ta) and
group 2 ((Co–Cr)) patients at different assessment points.
Groups Group 1
(Ta)
Mean ± SD
Group 2
((Co–Cr))
Mean ± SD
p value
Parameters and assessment times
Tooth mobility 6 months 0.00 ± 0.00 mm 0.00 ± 0.00 mm 1.0
12 months 0.0 0 ±0.00 mm 0.16 ± 0.12 mm 0.04*
18 months 0.00 ± 0.00 mm 0.17 ± 0.12 mm 0.02*
24 months 0.10 ± 0.07 mm 0.20 ± 0.13 mm 0.04*
Bone loss 6 months 0.00 ± 0.00 mm 0.04 ± 0.03 mm 0.12
12 months 0.02 ± 0.01 mm 0.06 ± 0.04 mm 0.04*
18 months 0.04 ± 0.03 mm 0.09 ± 0.05 mm 0.03*
24 months 0.05 ± 0.02 mm 0.15 ± 0.06 mm 0.01*
Tissue reaction 6 months 0.00 ± 0.00 0.00 ± 0.00 1.0
12 months 0.00 ± 0.00 0.12 ± 0.08 0.04*
18 months 0.00 ± 0.00 0.13 ± 0.08 0.035*
24 months 0.02 ± 0.05 0.16 ± 0.09 0.02*
(mm) millimeter.
* Statistically significant.
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took part in this study were homogenous with respect to demo-
graphic characteristics. While some differences in the variables
such as age and education level were noted, they were not sta-
tistically significant (p> 0.05). The Ta group was, on average,
60 years old, and the (Co–Cr) group was approximately
58 years old (Table 1).
Tooth mobility in the Ta group was 0 mm at 6 months until
18 months follow up, and then after 24 months, tooth mobility
increased to 0.10 mm; tooth mobility in the (Co–Cr)group was
0 mm at 6 months and then increased to 0.16 mm at
12 months, 0.17 mm at 18 months and 0.20 mm after
24 months of follow up. The differences between the two
groups was noticed after 12 months, 0 mm in the Ta group
and 0.16 mm in the (Co–Cr)group (p= 0.04), after 18 months,
tooth mobility was 0 mm in the Ta group and 0.17 mm in the
(Co–Cr)group (p= 0.02), and finally after 24 months, tooth
mobility was 0.10 mm in the Ta group and 0.20 mm in the
(Co–Cr)group (p= 0.04).
Bone loss in the Ta group was 0 at 6 months then increased
to 0.02 mm, 0.04 mm and 0.05 mm after 12, 18, and
24 months, respectively; bone loss in the (Co–Cr)group was
0.04 mm at 6 months then increased to 0.06 mm at 12 months,
0.09 mm at 18 months and 0.15 mm after 24 months of follow
up. The differences between the two groups was statisticallysignificant after 12 months, 0.02 mm in the Ta group and
0.06 mm in the (Co–Cr)group (p= 0.04), after 18 months,
bone loss was 0.04 mm in the Ta group and 0.09 mm in the
(Co–Cr)group (p= 0.03), and finally, after 24 months, bone
loss was 0.05 mm in the Ta group and 0.15 mm in the (Co–Cr)-
group (p= 0.01). These findings suggest that the Ta preserved
bone more efficiently than that constructed from (Co–Cr).
The connectors constructed from (Co–Cr)caused an
adverse tissue reaction. However, no tissue reaction at 6, 12
and 18 months and only a minimal reaction at 24 months
was imparted by connectors constructed from Ta. More specif-
ically, the tissue reaction in the Ta group ranged between 0 at
enrollment and 0.02 after 24 months; it ranged from 0 to 0.16
after 24 months in the (Co–Cr)group. The difference in tissue
reaction between the two groups at the end of the study was
0.14, which was statistically significant (p= 0.02) (Table 2).5. Discussion
In the present study, the RPDs were clinically assessed via
tooth mobility, bone loss and tissue reaction measurements.
The findings revealed the supremacy of connectors made of
Ta over (Co–Cr). This study showed that tooth mobility, bone
loss and tissue reaction were significantly higher among
116 K.A.O. Arafapatients who received connectors that were constructed from
(Co–Cr).
The influence of construction materials of the removable
partial denture on plaque accumulation and bone loss cannot
be overlooked.5 In the present study, the bone loss in subjects
wearing RPDs with titanium connectors was found to be less
than bone loss associated with (Co–Cr)connectors, indicating
the effect of the type of casting material as part of the con-
struction elements in RPDs.
In our study, the tissue reaction in subjects wearing den-
tures constructed from titanium was found to be less than
the tissue reaction in subjects with (Co–Cr)dentures; these
results are comparable to a study conducted by Behnaz22 that
reported that the (Co–Cr)alloy is more toxic and inflammation
increased over time.7
Because tooth mobility in RPDs is affected by the casting
technique9, the tooth mobility that is associated with titanium
connectors is found to be less than the tooth mobility associ-
ated with (Co–Cr)connectors, which indicates that the type
of casting material may affect tooth mobility. However, this
area needs more investigation.
The analyses revealed that the connector made of Ta had
higher clinical acceptability than that made of (Co–Cr), which
is concordant with another study18 that reported that 97% of
the 300 titanium frameworks were found to be technically
acceptable for clinical use.18 As previously reported, titanium
is the best biocompatible metal that is available for dental
use. Superplastic comprising Ti-6Al-4V alloy has been used
to fabricate removable dentures.19 Many reports state that
the Ta denture framework provides better physical properties
than cast titanium prostheses.20 In contrast to this study, Kat-
soulis20 reported that minimal and statistically insignificant
differences were noted by patients concerning comfort, stabil-
ity and retention.20 Clinically, no differences in technical
aspects or biological complications were observed after a six-
month period. The Ti6A17Nb-alloy (girotan L) for the RPD
framework was mediated by patients and professionals to be
comparable to RPDs made from CoCr-alloy. No dissimilari-
ties in material aspects could be objectively detected. The
Ti6A17Nb-alloy can be advantageous for patients with aller-
gies or incompatibilities with one or many components of
the CoCr-alloy.21
Rodrigues et al.22 conducted a comparative study of cir-
cumferential clasp retention force for titanium and (Co–Cr)re-
movable partial dentures. The authors stated that trade pure
titanium clasps maintained retention over a simulated five-
year period, with less retention force than identical (Co–
Cr)clasps.22
The use of Ta in producing connectors for removable par-
tial dentures was preferred to the use of (Co–Cr). This may be
attributed to the high strength-to-weight ratio, low density,
low thermal conductivity, refractory abilities, correction resis-
tance and biocompatibility.23,24
The strong points of this study include comparing two
materials of major connectors for RPD and the long evalua-
tion period (24 months). The main study limitations stem from
the use of panoramic X-rays for assessment of bone loss and it
being conducted as a non-randomized clinical-controlled trial
in Assiut city only because this limits the generalizability of
its findings. Thus, further fully randomized studies conducted
on a large sample that are recruited from the entire area of
Egypt are recommended.6. Conclusion
It could be concluded that major connectors made of Ta are
clinically superior to those made of (Co–Cr)in terms of tooth
mobility, bone loss and tissue reaction. More clinical trials
are needed on the effect of major connectors of RPDs on the
condition of periodontal involved abutment teeth and residual
ridges on a larger sample size.Conﬂict of interest
I declare that this study is my own work; the manuscript
has not been submitted to any other journal. I also
declare that I have no conflicts of interest related to this
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